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Graduate Student Cast 
  Snow and ice  

  Suzan Lapp; Robert Larson   
  Ryan MacDonald et al 
  Evan Booth   

  Soil water  
  Suzan Lapp   
  Sarah Dalla Vicenza 

  Ecosystem change  
  Ryan MacDonald  



Mountain Hydrometeorology? 
Water source for much of the world 



Terrain classes 
  Slope 
  Aspect 
  Elevation 
  Land cover 

Micromet model - 1 ha pixels 

Micromet model 
  Temps 
  Radiation 
  RH 
  Precip 
  Daily time 

step  

Hydrology 
  Snowpack 
  Soil water 
  ET, ETP,  

Sublimation 
  Interception 



Study Watersheds 

•  St. Mary River, Montana‐Alberta  2007‐10 
– Transboundary watershed 

•  North Saskatchewan River, Central Alberta 
2009‐10 



Ryan MacDonald MSc Research 

Climate Change Impacts on the St. 
Mary River, Montana‐Alberta 



St. Mary Watershed 

•  2000 km2 

•  Water supply ‐ 300,000 ha 
irrigaJon in Canada & USA 

•  Ecosystem change in 
Glacier NaJonal Park 
Montana 



10 year daily SWE SimulaJon at 
Many Glacier SnoTel 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GCM scenario selection 2050s 
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Scenarios? 

  GHG emissions under control 
  GHG close to business as usual  



Maximum SWE (mm) 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Date of Maximum SWE (Jday) 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PrecipitaJon phase change 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St. Mary under Climate Change? 

•  Warming temperatures with increased 
precipitaJon 

•  Water supply decline with GHG business as usual 

•  Snowpack is sensiJve to temperature changes 
–  Changes in the phase of precipitaJon 
–  Earlier onset of spring melt 

•  Reduced late season water supply  
•  AquaJc ecosystem health is at risk 

•  Glacier decline excluded   



Upper North Saskatchewan River 
watershed 

• Headwaters 20,527 km2   

• Elevation range from 752 
m to 3484 m   

• hydro-electric power, 
forestry, mineral mining 
and petrochemical 
extraction 



Model Calibration 
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Model SWE Validation 
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GCM scenario selection 2050s 
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Future SWE predictions 

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 

19
61

 
19

68
 

19
75

 
19

82
 

19
89

 
19

96
 

20
03

 
20

10
 

20
17

 
20

24
 

20
31

 
20

38
 

20
45

 
20

52
 

20
59

 
20

66
 

20
73

 
20

80
 

20
87

 
20

94
 

A
re

a 
w

ei
g

h
te

d
 b

as
in

 
m

ax
im

u
m

 S
W

E
 (m

m
) 

Year 

0 

20 

40 

60 

80 

100 

120 

140 

19
61

 
19

68
 

19
75

 
19

82
 

19
89

 
19

96
 

20
03

 
20

10
 

20
17

 
20

24
 

20
31

 
20

38
 

20
45

 
20

52
 

20
59

 
20

66
 

20
73

 
20

80
 

20
87

 
20

94
 D

at
e 

of
 m

ax
im

u
m

 S
W

E
 

(d
ay

 o
f y

ea
r)

 

Year 

Maximum SWE  Date of maximum SWE 

MIRO (A1B) MIRO (A1B) 

0 

20 

40 

60 

80 

100 

120 

140 

19
61

 
19

68
 

19
75

 
19

82
 

19
89

 
19

96
 

20
03

 
20

10
 

20
17

 
20

24
 

20
31

 
20

38
 

20
45

 
20

52
 

20
59

 
20

66
 

20
73

 
20

80
 

20
87

 
20

94
 D

at
e 

of
 m

ax
im

u
m

 S
W

E
 

(d
ay

 o
f y

ea
r)

 

Year 

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 

19
61

 
19

68
 

19
75

 
19

82
 

19
89

 
19

96
 

20
03

 
20

10
 

20
17

 
20

24
 

20
31

 
20

38
 

20
45

 
20

52
 

20
59

 
20

66
 

20
73

 
20

80
 

20
87

 
20

94
 

A
re

a 
w

ei
g

h
te

d
 b

as
in

 
m

ax
im

u
m

 S
W

E
 (m

m
) 

Year 

NCAR (B1) NCAR (B1) 



North Sask Conclusions 

  GENESYS simulates complex terrain 
hydromet processes well with little input data 

  Peak SWE change subject to emissions 
scenario 

  Earlier spring snowmelt onset  
  Water management? 

   Supply and timing  



Evan Booth 

Modelling the response of Glaciers to 
Climate Change in the Upper North 

Saskatchewan River Basin 



Glaciers in the Upper North Saskatchewan Basin 
–Study Area for thesis?‐ 



Thesis ObjecJve 
1.  Mass balance model for alpine glaciers and 

ice fields  

2.  Incorporate glacier model into GENESYS and 
model historical ice melt contribuJons to 
runoff 

3.  Apply the Model to determine alpine ice 
decline under a range of global warming 
scenarios 



Linking Dendrochronologies, 
historical and GCM based future 

scenarios and a fine scale 
hydrometeorology model 

S. Lapp, J. Byrne, R. MacDonald and D. Sauchyn 







Figure 3. Average basin reconstrucOon   for (a) Minimum SM, (b) 
Total  Deficit  ,  and  (c)  Maximum  Snowpack,.    The  solid  lines 
represents  the  calibraOon  mean;  the  dashed  horizontal  lines 
represent the 10th and 90th percenOles. 

a. 

b. 

c. 



Sarah Dalla Vicenza 

•  Alpine forest soil water balance  
•  Forest fire risk  

– historical condiJons  
–  future climate change scenarios 
– Currently looking at Rocky Mountain eastern 
slopes 



Study Area 
    North Saskatchewan River watershed 

Maps courtesy of Mike Nemeth 



Research ObjecJves 

•  Determine how climate change affects soil 
moisture characterisJcs 

•  Determine forest fire risk under historical 
condiJons and forest fire risk under future 
climate change scenarios 



Research Methods 

•  GENESYS model development/applicaJon 
– Soil moisture 

– Develop subrouJne for forest fire risk 



Canadian Fire Weather Index 
Adapted from Van Wagner (1987) 



Ryan MacDonald PhD Research 

Stream temperature response to 
Environmental Change  



•  Few studies have quanJfied the energy and mass 
balance components – parJcularly sub‐surface 

•  Due to the complexiJes in energy and mass 
balance, few fine‐scale physically based spaJal 
models exist 

•  Lihle is known about the potenJal impacts of 
environmental change on stream thermal 
regimes 

Stream temperature research 



Study site – Crowsnest Pass 

Lethbridge 



Surface water flow 

Latent heat flux 

Groundwater temp 

Surface water temp 

Shortwave Radiation 

Groundwater flow 

Sensible heat flux 

Longwave Radiation 



y = 0.2106x + 2.4331 
R² = 0.84126 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Model VerificaJon 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Evan Booth 

Historical Analysis of Recent Climate Change 
in Western North American  





Frost Days (FD0) 



95th PercenJle Annual Precip 



1960–2099: Trend in Annual Ice Days 
(Tmax < 0˚C) 



Acknowledgements 

  EPCOR and Natural Sciences and Engineering 
Research Council of Canada (NSERC) for 
funding 

  University of Lethbridge 
  Alberta Conservation Association 
  Trout Unlimited Canada 
  Alberta Water Research Institute  
  Canadian Water Network  



Questions? 



1960–2099: Trend in Total Annual PrecipitaJon 
(PRCP > 1mm) 



  Characterize rate and spatial extent of climate 
change over WNA for the period 1950 – 2005 

  Used FORTRAN code and Visual Basic to 
process and analyze vast quantities of data 

  27 WMO Climate Indicators calculated for 500 
stations west of Mississippi 

  Found significant trends in temperature and 
precipitation in many regions 


